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license (http://creativecommons.org/licenseAbstract Background: Repetitive movements and poor posture are associated with over-use
of smartphones when texting or playing games and significantly contribute to the symptoms of
pain and discomfort in the upper extremities.
Objective: This study investigated the effect of exercise training and postural correction on
disabilities of the arm, shoulder, and hand (DASH), hand grip and key pinch strength among
smartphone users.
Methods: One hundred university students were randomly divided into two groups; the exper-
imental group participated in a 12-week programme of exercise training and postural correc-
tions. The control group were instructed to follow their usual routine for smartphone
utilization. Measurements of DASH scores, hand grip strength, and key pinch grip strength were
conducted before and after 12 weeks for both groups.
Results: There were no significant differences between the start values of both groups for
DASH scores, hand grip strength, and key pinch strength (p > 0.05). However, there was a sig-
nificant improvement in all outcomes measured in the experimental group (p < 0.05), with sig-
nificant changes in the outcomes of the control group.
Conclusion: Postural correction combined with a selected exercise training programme
improved the hand grip, key pinch grip strength, and upper extremity disability and symptoms
associated with smartphone use among university students.
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In the past few years, touchscreen smartphones have
replaced most of the keypad phone products due to their
versatility and abundance of applications. However, as
many people maintain their neck flexed when using
portable devices, there is a growing debate about the ef-
fect of touchscreen smartphones on the musculoskeletal
system among prolonged users of these devices. Similar to
desktop and laptop computers, prolonged use of
touchscreen smartphones may also contribute to increased
risk for the development of musculoskeletal symptoms such
as chronic neck and shoulder pain [1,2].
With each new generation of mobile phone, there are
more built-in functions which lead to increased exposure
and use of mobile phone functions. In younger persons,
these exposures may be of great importance due to their
developing musculoskeletal structure, their tendency to
use their mobile phone for messaging and gaming, and the
likelihood of greater exposure as a result of repetitive
messaging and gaming activities [3].
The combination of repetitive movements, poor posture,
and over-use of mobile phones for texting or playing games,
without taking rest breaks, can cause injury to the nerves,
muscles, and tendons in the fingers, hands, wrists, arms,
elbows, shoulders, and neck, which if ignored, may lead to
long-term damage [4]. The frequency and duration of use of
cellular phones is increasing, and the design characteristics
of these phones give rise to concerns regarding their impact
upon body mechanics [5].
Gustafsson [6] showed differences in physical load be-
tween the group of mobile phone users with musculo-
skeletal symptoms and the group without symptoms. He
also found differences in muscle activity and kinematics
between different texting techniques. Preliminary studies
on the effect of mobile hand-held device use among uni-
versity students revealed a significant association between
upper extremity symptoms and frequent utilization of a
mobile hand-held device [7]. Moreover, Gustafsson et al
[8] found prospective associations were established be-
tween exposure to text messaging on mobile phone and
musculoskeletal pain in neck, shoulder, and arm, and
numbness/tingling in hand/fingers for both men and
women.
Recently, a few epidemiological studies reported a high
prevalence of neckeshoulder symptoms among mobile de-
vice users. A study in Canada indicated rates of 46e52% in
shoulder symptoms among 140 individuals and 68% in neck
symptoms [1]. Another study in China reported over 40% of
neckeshoulder pain among 2575 young mobile phone users
[9].
Touchscreen tablet users are exposed to extreme wrist
postures that are less neutral than other computing tech-
nologies and may be at greater risk of developing muscu-
loskeletal symptoms [10]. Moreover, head and neck flexion
angles during tablet use were greater, in general, than
angles previously reported for desktop and notebook
computing [11]. Gold et al [12] reported that over 90% of
university students adopted a flexed neck posture, with
protracted shoulders and nonneutral wrist postures on the
typing side when they used their mobile devices.Despite the reported association between mobile use
and upper extremity symptoms there is a gap in the
knowledge on how exercise and proper hand grasp can
improve these symptoms. Considering the increased use of
touchscreen mobile phones among young people it is
important to identify how physical therapy interventions
can reduce these symptoms. The aim of this study was to
examine the effect of a training programme and postural
corrections on hand grip strength, key pinch strength,
upper extremity disability, and symptoms associated with
touchscreen smartphone use among university students.
Methods
Participants
In this study, 217 students from Cairo University, Giza,
Egypt were identified as potential participants. A total of
100 students (age, 18e26 years) who reported mild to
moderate symptoms in disabilities of the arm, shoulder,
and hand (DASH) questionnaire (DASH score  25) [13],
were invited to the study. They were recruited by conve-
nience sampling. In order to be recruited, individuals had to
have at least 6 months’ experience in using smartphones for
at least 3 hours daily. They had to be right hand dominant
and prefer to use the right hand in one handed text entry.
Other essential requirements were texting and typing
speeds to make sure that all participants had similar skills
in texting on a smartphone and typing on a desktop com-
puter. Individuals were asked to perform a texting speed
test on an iPhone 4s (Apple Inc., Cupertino, CA, USA) using
both hands as well as perform a typing speed test on a
desktop computer before entering the study. Only those
who achieved a minimum texting speed of 15 words per
minute on the smartphone and typing speed of 30 words per
minute on the computer keyboard were recruited. The
exclusion criteria were: (1) history of traumatic injuries or
surgical interventions of the neck or upper limbs; (2)
medical conditions which may have a negative effect on the
spine and upper limbs; (3) chronic diseases such as rheu-
matoid arthritis, osteoarthritis, and other connective tissue
disorders that affect the musculoskeletal system; and (4)
neurological and orthopaedic disorders as well as sensory
deficits [14].
Before the start of the study participants were allocated
to two groups, the experimental group or the control group,
using SPSS computer programme (version 16.0; SPSS Inc.,
Chicago, IL, USA) to conceal group allocation. Participants in
the control group were advised to keep their regular routine
and avoid any unusual activities that may increase the load
on the arm and hand. Participants in the experimental group
were engaged in a 12-week exercise programme. The CON-
SORT diagram showing the recruitment, assignment and
progression of patients through the study is presented in
Figure 1.
All procedures had been thoroughly explained and con-
sent forms were obtained from all participants. The study
was approved by the human research ethics committee of
the Faculty of Physical Therapy at Cairo University and each
participant signed written consent. The participants were
recruited from Cairo University. The study was run in
Assessed for eligibility (n = 217)
Excluded (n = 112) 
Not meeƟng inclusion 
criteria (n = 91) have no
mild or moderate 
symptoms in DASH score 
Refused to parƟcipate (n
= 21) 
Randomized (n = 105)
Experimental group (n = 53)
Received training programme of 
stretches & strength training plus 
postural correcƟon & proper 
handling of smartphone 
Control group (n = 52) 
Did not receive any training 
programme
Baseline data at Week 0 (n = 53) Baseline data at Week 0 (n = 52) 
PosƟntervenƟon data at Week 12 
(n = 50) 
PosƟntervenƟon data at Week 12  
(n = 50) 
Figure 1. CONSORT diagram of the study. DASH Z disabilities of the arm, shoulder, and hand.
39accordance with the Helsinki Declaration of 1975, as
revised in 1996 [15].
Assessment
The DASH outcome measure is a 30-item, self-reported
questionnaire designed to measure physical function and
symptoms in people with any of several musculoskeletal
disorders of the upper limbs. This gives clinicians and re-
searchers the advantage of having a single, reliable instru-
ment that can be used to assess any or all joints in the upper
extremity. Participants were instructed to read the questions
and carefully choose the proper score from the 5 point scale.
They received a clear description of the questionnaire and
were asked to answer all questions as applicable. The score
for each participant was calculated as:
[(sum of n responses) e 1]  25, (1)where n is equal to the number of completed responses.
DASH score may not be calculated if there are more than
three missing items [16]. The DASH questionnaire includes
questions regarding pain, functional limitations, and
tingling, weakness, and stiffness on shoulder, arm, and
hand. It is a reliable, valid, and responsive tool for
measuring the outcome in different regions of the upper
extremities [17].
Grip strength was tested first, followed by key pinch. For
each of the tests of hand strength, the participants were
seated with their shoulder adducted and neutrally rotated,
elbow flexed at 90, forearm in neutral position, and wrist
between 0 and 30 dorsiflexion and between 0 and 15
ulnar deviation [18,19]. For each strength test the scores of
three successive trials were recorded [20]. The assessment
was conducted with the dominant hand, as Sharan et al [21]
reported that there is a correlation between hand domi-
nance and musculoskeletal disorders.
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We used the standard, adjustable-handle Jamar dyna-
mometer (Asimov Engineering Co., Los Angeles, CA USA),
which has been reported as the most accurate for
measuring grip strength [22,23]. For standardization, it was
set at the second handle position for all participants. The
dynamometer was lightly held around the readout dial by
the examiner to prevent inadvertent dropping.
The B&L pinch gauge (B&L Engineering, Tustin, CA, USA),
used to measure key pinch, was held by the examiner at the
distal end to prevent dropping. Scores were read on the
needle side of the red readout marker. The calibration of
both instruments was tested periodically during the study.
The Jamar dynamometer and the B&L pinch gauge had the
highest calibration accuracy of the instruments tested [23].
Data pertaining to upper extremity symptoms, hand grip
strength, and tip pinch strength were collected from all
participants on two different occasions; at the start of the
study and 12 weeks later.Training programme
Stretching exercises: sideway arm stretch; participant fol-
ded his hands together and turn palms away from body as
the arms were extended forward a gentle stretch should be
felt all the way from shoulders to fingers. Forward arm
stretch; participant folded his hands together and turn
palms away from body, but this time arms should be
extended over his head. Forearm and wrist stretch with
elbow completely straight each participant should extend
his arms in front of their chest and with their palm down,
and bend the hand on the outstretched arm down toward
the floor. Then turn the palm up and stretch the hand up
toward the body. This stretches the forearm and wrist
muscles. All stretches were held for 10 seconds and
repeated eight times for each session [24].
Strength training: the intervention group were enrolled in
a 12-week programme of strengthening exercises (dumbbell
exercises) for muscles of the neck, shoulder, elbow, and
wrist. These were performed for 20 minutes, three times a
week. (1) Front raise: from a neutral starting position the
participant lifts one arm at a time to 90 shoulder flexion,
and 90 internal rotation. The elbows are slightly flexed
(w5) during the entire range of motion. (2) Lateral raise:
the participant is standing with arms in neutral starting
position and the elbows are in a static slightly flexed position
(w5). The participant lifts both arms to 90 shoulder
abduction and 30 horizontal flexion. (3) Reverse flies: the
participant is sitting bent over forward with the back
straight and arms hanging. The arms are raised bilaterally,
while keeping the elbows in a static slightly flexed position
(w5), until the upper arms are horizontal. (4) Shrugs: the
participant is standing erect with arms to the side and ele-
vates the shoulders as high as possible in a maximal shrug.
(5) Wrist extension: sitting with the forearm pronated on a
support. From full palmar flexion the participant moves the
wrist to full dorsal flexion.
Participants performed exercises in a rotating manner to
optimally increase training load, and rested for
1e2 minutes in between sets [25]. The participantsperformed warm-up exercises at the beginning of each
training session, with 10 repetitions of each exercise and
50% of 1 repetition maximum (RM). At the beginning and
halfway through the intervention period, the participants
were tested to optimize the training intensity and the loads
were progressively increased according to the principle of
periodization and progressive overload [26]. The intensity
of the programme increased gradually from 20 RM at the
beginning of the intervention period to 8 RM further along
in the process.
Proper handling; clear and illustrated guidelines were
given to all participants in the study groups including: adopt
a neutral grip that keeps the wrist as straight as possible, as
bending the wrist can add to the strain, adequate pausing
and break times to avoid repetitive motion injuries due to
performing the same task over and over, and switch activ-
ities between both hands frequently [13].
The participants were educated on the importance of
correct postural alignment of the spine during sitting and
standing activities. They were asked to adopt ideal head
position, and were instructed to sit with the head in a
“balanced position” considered by the participants to be
ideal without any manual or verbal feedback regarding the
position adopted. The posture was held for 10 seconds and
repeated three times, and a 10-second rest period was
allowed between repetitions [27].
Data analysis
Data were analysed using SPSS for Windows version 16.0
(SPSS Inc., Chicago, IL, USA). An independent t test was
used to compare demographic variables of the participants,
and the Chi-square test was used for gender. Analysis of
variance was used to compare DASH, the hand dynamom-
eter, and the key pinch dynamometer of both groups, with
time as the within participant factor (baseline measure-
ment vs. postintervention measurement) and group as the
between participant factor (experimental vs. control). In-
dependent t tests were used to compare the change score
between the two groups. Least significant difference test
was used to locate the source of differences. The level of
significance was set at 0.05 for all tests.
Results
There were no significant differences between the two
groups in age, weight, height, and body mass index
(p > 0.05; Table 1). Descriptive statistics of the DASH, hand
dynamometer, and key pinch dynamometer values of the
two groups are illustrated in Table 2.
There were no significant differences between prevalues
of both groups (p > 0.05) for DASH scores, hand grip, and
key pinch grip dynamometer values. Moreover, there was
no significant difference between pre- and postvalues of
the DASH, hand grip, and key pinch grip of the control group
(p > 0.05).
For DASH scores, the postvalue of the experimental
group was significantly lower than that of the control group
(p Z 0.048). The postvalue of the experimental group was
significantly lower than the prevalue (p Z 0.001). For
handgrip and key pinch grip dynamometer values, the
Table 1 Demographic characteristics of participants.
Control group, n Z 50 Experimental group, n Z 50 p
Age (y) 20.22  1.97 20.30  1.88 0.836a
Height (m) 168.42  9.77 169.04  10.60 0.643a
Weight (kg) 76.42  16.31 65.90  16.41 0.762a
Body mass index (kg/m2) 23.53  3.89 22.79  3.94 0.347a
Sex (male/female) 36/14 39/11 0.488b
Data are presented as mean  standard deviation, unless otherwise indicated.
a Independent t test.
b Chi-square test.
Table 2 Values of DASH, hand dynamometer, and key pinch dynamometer.
Control group, n Z 50 p Experimental group, n Z 50 pa
Prevalue Postvalue Prevalue Postvalue
DASH 35.10  8.11 35.66  7.84 0.085 37.88  8.51 32.62  6.63 0.001
Hand dynamometer (kg) 30.46  3.57 30.14  3.31 0.692 30.94  4.53 35.02  4.56 0.001
Key pinch dynamometer (kg) 12.29  1.96 12.10  1.82 0.625 12.88  1.91 14.49  2.15 0.001
Data are presented as mean  standard deviation.
p > 0.05 means no significant difference.
p < 0.05 means a significant difference.
a Least significant difference’s analysis of variance.
41postvalue of the experimental group was significantly
higher than the postvalues of the control group
(p Z 0.001). The postvalue of the experimental group was
significantly higher than the prevalue (pZ 0.001), as shown
in Table 2.
Analysis of the change scores revealed that the experi-
mental group had significantly more changes in DASH
scores, hand grip, and key pinch grip dynamometer
(p Z 0.001) compared with the control group, as shown in
Table 3.Discussion
This study was conducted to examine the effect of an ex-
ercise training programme and postural correction on upper
extremity disability and symptoms associated with
touchscreen smartphone use among university students.
The results of the current study showed a significant
improvement in upper extremity disability and symptoms,
hand grip strength, and key pinch strength of the experi-
mental group, without significant changes in these outcome
measures of the control group.Table 3 Change score of DASH, hand dynamometer, and key pi
Control group, n Z 50
DASH 0.55  2.07
Hand dynamometer (kg) 0.32  1.22
Key pinch dynamometer (kg) 0.19  1.04
Data are presented as mean  standard deviation.
a Independent t test.Previous studies [28,29] showed an association between
upper limb disorders such as neck and shoulder pain and
cellular phone over-use, which may explain why only 100
out of 217 eligible participants with mild to moderate
symptoms of DASH score were selected. In addition, Storr
et al [30] reported a female patient with de Quervain’s
tenosynovitis due to cell phone use. The patient sent 2500
texts per month, and stated that the specific thumb
movement caused the tenosynovitis or other over-use
trouble around the thumb.
Young et al [11] who reported that the head and neck
flexion angles during tablet use were greater than angles
previously reported for desktop and notebook computing,
which could explain the neck pain symptoms of the par-
ticipants. Moreover, there is a disturbance in electromyo-
graphic activities of neck and hand muscles; Xie et al [14]
concluded that smartphone texting was associated with
higher activity in neck extensor and thumb muscles but
lower activity in upper and lower trapezius as well as wrist
extensors, compared with computer typing.
The values of hand grip strength of the participants of this
study were less than the normative values of a similar age
group reported by Mathiowetz et al [20]. In their study, thench dynamometer.
Experimental group, n Z 50 pa
5.26  2.07 0.001
4.08  1.12 0.001
1.61  1.02 0.001
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and 31.71 kg for females. However, the normal values of key
pinch strength are 11.78 kg formales and 7.97 kg for females,
which is similar to the results of our study.
The nonsignificant difference in the DASH, hand grip,
and key pinch strength postvalues of the control group can
be explained by the findings of Sengupta et al [31], who
reported that due to the small keyboard, greater strain may
be placed on the hand and arm muscles during mobile
phone use compared to desktop or laptop use. This is in
addition to the considerable increase in neck flexion angle
during texting to look sharply downwards or to hold arms
out in front to read the screen, leading to fatigue and pain
in the neck and shoulders. Moreover, static loading caused
by holding the hand-held device for long durations, often
coupled with hazardous body postures and over-use of the
hand muscles are likely contributors to the development of
myofascial pain syndrome of the hand, forearm, neck, and
upper back muscles [32].
The improvement of outcome measures of the experi-
mental group is supported by the findings of Gram et al [33],
who used the same exercise training programme to investi-
gate the effect on neck/shoulder pain and headache among
officeworkers. They found that neck/shoulder training at the
workplace reduced neck pain and headache among office
workers, and confirmed the positive effect of exercise
training to reduce the upper extremity symptoms [25,34].
Key pinch strength was tested in the current study
because the carpometacarpal joint represents the most
important functional key in a human hand due to its cir-
cumduction and opposition abilities. These functions are
very unique to humans and mean that its anatomy and
functions are at risk of overloading due to excessive activity
[35]. The saddle shape and reciprocal engagement of the
carpometacarpal joint are stabilized by powerful ligamen-
tous structures such as the intermetacarpal ligament, pos-
terior oblique ligament, and dorsal radial ligament, which
are involved in the movements described above [36]. The
ability to reach keys in different areas of the mobile phone
screen is regulated by changing the flexion angle of the
carpometacarpal joint [37]. So, the key pinch strength was
used to assess the strength of the thumb because it is the
most affected part of the hand due to touchscreen phone
use. The results of the current study proved its strength
reduction due to touchscreen phone use and improvement
due to proper handling and exercise training.
The reduction of the DASH score of the experimental
group is supported by the findings of Pedersen et al [38],
who reported that specific strength training at the work-
place can lead to significant long-term reductions in spinal
and upper extremity pain and DASH scores. It also sup-
ported by the findings of a few high quality studies showing
the effectiveness of training on shoulder symptoms [39,40]
and combined neck/shoulder symptoms [41,42]. Moreover,
the improvement of the experimental group can be
explained by the effect of postural correction training on
assuming ideal head position, which is in accordance with
the findings of previous studies [43e45] which reported that
proper head position can minimize the stresses and strains
acting on the upper body by creating a state of musculo-
skeletal balance. Proper and frequent postural correction
to an upright neutral postural position serves two functions.Firstly, it minimizes the adverse loads on the cervical joints
induced by poor spinal, cervical, and scapular postures.
Secondly, it may train the deep postural-stabilizing muscles
of the spine to better perform their functional postural-
supporting role. Hence, assuming a proper head position
is a common approach for the treatment of neck and
shoulder pain syndromes.
The shoulder girdle attaches by muscles to the scapula
and the back of the thoracic rib cage. These upper back
muscles are prone to developing painful irritation. In clin-
ical practice pain complaints from the neck, the shoulder
girdle, and part of the shoulder are associated [46]. Neck,
shoulder, and upper back muscles are all involved during
repetitive movements/activity of the arms with a common
effect on all three regions, which explains the importance
of this study.
The significant improvement in DASH scores, hand grip,
and key pinch strength of the experimental group may be
due to a change in central pain perception, which is known
to be altered in chronic pain conditions [47]. A change in
pain level could result in beneficial changes in overall pain
perception and a decreased pain sensitization. A previous
study showed central adaptations of pain perception in
response to neck/shoulder rehabilitation, i.e., pressure
pain threshold also increased in other nontrained parts of
the body [48]. The current study was unique in reporting
the effect of strength training, postural correction, and
proper handling on upper extremity pain among
touchscreen users. To our knowledge this has not been re-
ported in previous training intervention studies.
There are some limitations of this study. First, our par-
ticipants were not selected randomly, because all were
volunteers. This could cause a biased sample in favour of
higher hand strength scores. There was an attempt to avoid
a competitive atmosphere at the testing sites in order to
decrease the chance of this happening. Second, the only
outcome measure used to assess the thumb strength was
key pinch. Other outcomes such as tip and palmar pinch
were not considered. Third, the exercise training was
semisupervised, so we were not sure if all participants
performed the exercise with the same frequency, intensity,
and duration. However, they were seen at least once per
week to confirm that. Finally, the touchscreen phones used
in this study had different screen sizes that would require
different finger actions when operating the devices. Hence
there is still a need to investigate the relationship between
screen size and the effect of a training programme. Future
research is needed to examine the effect of exercise
intervention on the electromyographic activities of the
thumb, forearm, shoulder, and neck extensor muscles.Conclusion
The present study demonstrated that exercise training,
postural correction, and instruction on the proper handling
of touchscreen smartphones reduced the upper extremity
disability and symptoms and improved the hand grip
strength and key pinch strength. Therefore, exercise
training and ergonomic guidelines concerning the use of
touchscreen smartphones will reduce the risk of developing
upper extremity musculoskeletal disorders.
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